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Abstract 
Based on the multi-scatter propagation model of Monte Carlo, an improved geometric model is proposed. The model 
is ameliorated by using the point probability method. Comparison is made between the multiple scattering 
propagation models and the single-scatter propagation model in calculation time and relative error. The effect of 
complex weather, stumbling block and the transmitter and the receiver in different height are discussed. It is shown 
that although the single-scatter propagation model can be evaluated easily from standard numerical integration but 
this model cannot describe general non-line-of sight propagation problem. While the improved point probability 
multi-scatter Monte Carlo model may be used to more general case. 
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1. Introduction 
Historically optical communications systems were developed over line-of-sight paths due to the 
propagation characteristics of light. But in recent years, the properties of ultraviolet (UV) light 
communication in non-line-of-sight (NLOS) have been a very active research field [1-10]. Atmospheric 
optical propagation involves a variety of phenomena, including molecular and aerosol absorption and 
scattering. For line-of-sight atmospheric communication, aerosol extinction in bad weather is a prime 
limiter.  However, for non-line-of-sight communication case, scattering is essential.  
Existing propagation models mostly used for NLOS is single-scatter propagation model [3] and multi-
scatter propagation model [7]. A NLOS single-scatter model has been built based on an elliptical 
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coordinate system. And this model has many merits such as clear in expressing, quick in calculation etc. 
But when the condition of the single-scatter model is not fulfilled, the scope of application of this model 
will be restricted. Many reference pointed out that when 0.1W  (where W  is the optic thickness its equals 
the product of the extinction coefficient and the range) or the transmitter and receiver have no common 
field of view. In these cases, multi-scatter must be used. Especially when the transmitter and the receiver 
are in different height above sea level, the UV light communication is used in local tactical unit where For 
example the receiver and the transmitter are in the airplane or shipboard respectively.  
 In this paper an improved NLOS multi-scatter propagation model is presented by using the Monte 
Carlo method. In section one an improved multi-scatter model based on point probability method is 
introduced, in section two some calculation results are discussed. And in section three conclusions are 
made.  
2. The point probability Monte Carlo method 
Let’s suppose some physical condition before the discretion of the NLOS multi-scatter model as the 
following: 
1) In discrete random media, the collision between the particles in the media and the incident photon is 
absolute elasticity, involving no decrease of kinetic energy. Or the photon is absorbed entirely by the 
particle. In a word, the frequency is no change in the interaction. 
2) The process of collision is a Marakefu process. 
3) Not consider polarize of light. 
In the Monte Carlo method, usually a stochastic model should be constructed in which the expected 
value of a certain random variable is equivalent to the value of a physical quantity to be determined. In 
transport theory, for plane-parallel media, the equation of transfer without other emission source can be 
expressed as [12]
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where dI is the diffuse intensity. We could denote the incident direction as sˆ and the scattering direction 
as sˆc , then the symbol P is meant  ˆ ˆs sP c   , tdsW UV ³  is the optical thickness of  the random media. 
And t a sV V V   ,which is the extinction cross section. aV  and sV are the absorption and scattering 
section respectively. 
1
1
1
( , ) ( , ) ( , )
2 d
J p I dW P P P W P P

c c c ³ ,                                                               (2) 
p is the scattering phase function. If 0P !  , 0W W and if 0P  , 0W  . riI is the reduced incident 
intensity. Integral equation can be expressed as the integral operator, which corresponding to the 
conditional probability from point ls to 1ls  . Then when N photons are generated, we may obtain the 
transmissivity as [11]
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Above is the traditional Monte Carlo simulation method to simulate the transmittance properties of the 
photon in the random media. And it has been fully discussed in detail in reference [11]. 
But in NLOS multiple scattering model, the aero of the receiver is usually limited, and the link 
between the transmitter and the receiver is not at a line, so the summation number of photon is small. That 
is to say, the probability of photon really be collected by the receiver is very small. If we use the 
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traditional Monte Carlo simulation method to simulate the propagation of photon in NLOS, the efficiency 
will be very low. So it must be changed. The point probability method is a useful method to accelerate the 
calculation efficiency. In this method, the probability of the photon is calculated.  
The probability at the scattering point to the receiver is added when each photon is considered. We can 
express the probability which point to the receiver as following: 
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where, P is the probability point from the scattering point to the receiver, rs and ms  is the probability of 
Rayleigh  scattering and Mie scattering respectively, and they satisfied 1r ms s  .
23
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22 2( ) (1 ) (1 2 cos )mP g g gT T     is the scattering phase function of Rayleigh and Mie scattering 
respectively. g is the asymmetry parameter, T  is the angle between the direction of the scattering light 
and the direction of the incident light. d:  is the solid angle. For any particle, we have  
( ) 4P P dT S :³ (5) 
Fig.1 is a flow chart of a Monte Carlo program of the point probability method. 
Fig.1. Flowchart for the step size of point probability Monte Carlo technique. 
In Fig.2 we calculate the irradiance of the single-scatter and multi-scatter models, in which the point 
probability method is used in Fig.2 in the multi-scatter model. Parameters are as follows: the wavelength 
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is 250nmO  ˈthe scattering and extinction coefficients are -11.548kmsK  ,
11.72kmeK
 . And  for 
the convenience of comparison,   the scattering ratio of molecule are set as 0.5w  as these in reference 
[10], the asymmetry is 0.75g  ,the half  FOV angle of the receiver and the transmitter is 4R TT T S  ,
the elevation angle of the receiver and the transmitter is 2R TE E S   respectively. And the range 
between the transmitter and the receiver is 200mr  , the energy of transmitter is 127.956 10 JTQ
 u .
We can draw a conclusion from Fig.2 that the impulse responses of the single-scatter and multi-scatter 
models match the reference data perfectly. 
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Fig. 2 Impulse responses of single-scatter, multi-scatter models and the reference data 
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Fig.3 Energy density varies with height between the receiver and the transmitter  
If the receiver and the transmitter are not in the same level, that is to say, there is a height difference 
between the receiver and the transmitter. Under this condition, the single-scatter model is not suitable. But 
the multi-scatter model is still suitable to this case.  
In Fig.3, the energy density varies with height between the receiver and the transmitter is presented. 
Parameters are as follows: the wavelength is 250nmO  , the half FOV angle of the receiver and the 
transmitter is 6R TT T S  , the elevation angle of the receiver and the transmitter is 2R TE E S  
respectively. And the range between the transmitter and the receiver is 100mr  (when the height 
between the receiver and the transmitter is zero), the energy of transmitter is 1mJTQ  . The scattering and 
extinction coefficients set as -10.48kmsK  ,
11.22kmeK
 .  And the scattering ratio of molecule is 0.48 .
We may draw from Fig.3, When the height between the receiver and the transmitter is little than about 
180 m, the energy density will increase with the height difference. While when the height between the 
receiver and the transmitter is large than that maximum value the energy density will decrease rapidly 
with the height difference. That is caused by the range variation of FOV. As the height difference close to 
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the maximum energy density, the receiver is nearer to the transmitter. With the increase of the receiver, 
the FOV will increase then decrease, and then the energy density will change accordingly. 
3. Conclusion 
As light propagates through the atmosphere, molecules and aerosols act as propagation media, so the 
weather condition is not a determine effect of propagation. In the UV band, relative to the wavelength, the 
size of the molecules and aerosols are large. Since the mechanisms are highly wavelength sensitive, in 
this paper, we use the modified Monte Carlo simulation method to simulate the multi-scatter model of 
NLOS. The single-scatter model and the multi-scatter model are compared with the reference data. We 
consider the case of a more general geometry condition. The energy density variation with the height 
differences is presented.  The single maximum value of energy density varies with height between the 
receiver and the transmitter is obtained. And the effect of energy density is analyzed.  
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